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OBJECTIVE—To compare incidences and risk factors for diabetes using seven deﬁnitions,
with combinations of pharmacological treatment, fasting plasma glucose (FPG) $7.0 mmol/L,
and HbA1c $6.5%.
RESEARCH DESIGN AND METHODS—Participants aged 30–65 years from the Data
from an Epidemiological Study on the Insulin Resistance Syndrome (DESIR) cohort were followed
for 9 years.
RESULTS—MoremenhadincidentdiabetesasdeﬁnedbyFPG$7.0mmol/Land/ortreatment
than by HbA1c $6.5% and/or treatment: 7.5% (140/1,867) and 5.3% (99/1,874), respectively
(P , 0.009); for women incidences were similar: 3.2% (63/1,958) and 3.4% (66/1,954). Known
risk factors predicted diabetes for almost all deﬁnitions. Among those with incident diabetes by
FPG alone versus HbA1c alone, there were more men (78 vs. 35%), case patients were 8 years
younger, and fewer were alcohol abstainers (12 vs. 35%) (all P , 0.005). A diabetes risk score
discriminated well between those with and without incident diabetes for all deﬁnitions.
CONCLUSIONS—In men, FPG deﬁnitions yielded more incident cases of diabetes than
HbA1c deﬁnitions, in contrast with women. An FPG-derived risk score remained relevant for
HbA1c-deﬁned diabetes.
Diabetes Care 34:957–959, 2011
H
bA1c is proposed as the ﬁrst of
four diagnostic criteria for diabe-
tes (1). Risk factors for diabetes as
deﬁned by self-reported diabetes, by
treatment, by fasting plasma glucose
(FPG), or by both fasting and 2-h glu-
cose following an oral glucose tolerance
test have been well studied, including in
our own cohort (2–6). Risk factors for
different deﬁnitions have not been com-
pared; it is tacitly assumed they are the
same.
We compare seven deﬁnitions of di-
abetes, using combinations of pharmaco-
logic treatment, FPG $7.0 mmol/L, and
HbA1c $6.5% to evaluate the incidences
of diabetes and compare baseline risk fac-
tors for men and women separately. Fur-
thermore, we evaluate the odds ratios of
risk factors and the ability of the Data
from an Epidemiological Study on the In-
sulin Resistance Syndrome (DESIR) clin-
ical risk factor score (2) to discriminate
those with and without incident diabetes.
RESEARCH DESIGN AND
METHODS—M e na n dw o m e na g e d
30–65 years, from the 9-year follow-up
studyDESIR(2),wereincluded.Incidences
of diabetes by FPG and HbA1c deﬁnitions
were compared with the McNemar test.
Odds ratios for potential risk factors
aregiven for incidentdiabetesaccordingto
the seven deﬁnitions of diabetes (Table 1).
Sex-riskfactorinteractionsweretested,and
inconsequence,sex-speciﬁcoddsratiosare
given for smoking and familial diabetes.
The DESIR diabetes risk score (2) in-
cludes waist circumference, hypertension,
and for men, current smoking, or for
women, familial diabetes; the score was de-
rived with diabetes deﬁned by treatment
and/or FPG $7.0 mmol/L (Supplementary
Table 1). The discrimination of this score
was evaluated, for each of the seven deﬁni-
tions, by the area under the receiver operat-
ing characteristic curve (AROC).
RESULTS—At inclusion, men and
women were on average aged 47 years,
and 19% had familial diabetes, 25% were
sedentary,and mean BMIwas 24.6kg/m
2
(Supplementary Table 2). Mean FPG was
higherinmenthanwomen,withaconstant
difference of 0.35 mmol/L over the age
range (Pinteraction= 0.6) (Supplementary
Fig. 1). Mean HbA1c was also higher in
men, but this difference decreased with
age (Pinteraction=0 . 0 0 0 1 ) :m e a nH b A 1c was
0.25% higher in men 30–34 years and
identical in men and women 60–65 years.
For diabetes deﬁned by FPG and/or
treatment, in comparison with HbA1c and/
or treatment, incidences were higher in
men: 7.5% (95% CI 6.3–8.9) and 5.3%
(4.2–6.5) (P , 0.0003); in women the in-
cidences were similar: 3.2% (2.4–4.2) and
3.4% (2.6–4.3) (Supplementary Table 3).
Characteristics of case patients with
incident diabetes varied according to the
deﬁnition of diabetes (Supplementary
Tables 2 and 3). For diabetes deﬁned by
treatment alone, risk factors were age,
waist circumference, BMI, hypertension,
and lipid treatment (all P , 0.006). For
menonly,additionalfactorsweresmoking,
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Risk factors: fasting glucose or HbA1c diabetesalcohol intake, and sedentarity (all P ,
0.05), and for women only, an additional
factor was familial diabetes (P , 0.0001).
When comparing case patients with inci-
dent diabetes screened only by FPG and
case patients screened only by HbA1c,
more were men (78 vs. 35%), case patients
were8yearsyounger(aftersexadjustment),
and fewer were alcohol abstainers (12 vs.
36% after adjusting for age and sex) (all
P , 0.01) (Supplementary Table 4).
Althoughtheclassicalriskfactorssex,
age, alcohol intake, waist, BMI, hyperten-
sion, and lipid treatment were associated
withincidentdiabetes,nomatterwhatthe
deﬁnition (Table 1), the univariable odds
ratios for the various deﬁnitions differed.
The most marked difference was for hyper-
tension,wheretheoddsratiosrangedfroma
low of 2.94 (2.14–4.03) when diabetes was
deﬁned by FPG alone to 6.80 (4.29–10.76)
when deﬁned by treatment alone.
The DESIR diabetes risk score (2) per-
formed well for all deﬁnitions of diabetes,
particularly so when diabetes was deﬁned
by treatment alone, with an AROC (95%
CI) of 0.86 (0.83–0.89), in comparison
with 0.76 (0.72–0.80) when diabetes was
deﬁned by FPG and/or treatment, the def-
inition on which the score was derived.
CONCLUSIONS—The age proﬁle of
HbA1c a n dF P Gd i f f e r e df o rm e na n d
women, with FPG always higher in men,
whereas HbA1c was higher in younger
men but identical in the oldest age range,
60–65 years. For men only, the incidence
of diabetes was lower for diabetes deﬁned
by HbA1c rather than by FPG. There has
been little discussion in the literature on
the differences between men and women
f o re i t h e rF P Go rH b A 1c.
Fortheincident diabeticcase patients
diagnosed by treatment, the classic risk
factors for diabetes were mainly higher
than for other deﬁnitions—age, diabetes
in the family, adiposity, hypertension,
with smoking and alcohol drinking in
men. This is probably because of the gen-
eral practitioner recognizing these as risk
factors and screening for diabetes, subse-
quently diagnosing and treating the pa-
tient. Hypertension and lipid treatment
were risk factors with high odds ratios
in those who had incident diabetes by
treatment, probably for the same reason.
For the deﬁnitions of diabetes with
FPG there were more men, case patients
were younger, and fewer were alcohol
abstainers than for deﬁnitions with
HbA1c. Despite this, the diabetes risk score
discriminated well for all deﬁnitions of di-
abetes, best for diabetes deﬁned by treat-
ment and worst for diabetes deﬁned by
FPG alone, but all AROCs were over 0.74.
In Inter99, the cross-sectional pro-
ﬁles were similar for those screened di-
abetic only by HbA1c and only by FPG
and 2-h plasma glucose (7); however, di-
abetes prevalence was higher when
screened by HbA1c,i nc o n t r a s tw i t ho u r
incidence study. Mean HbA1c in Inter99
appears higher than in other cohorts, and
this is probably the reason for the ob-
served difference (8). Differences in men
and women were not studied in Inter99.
Becausebloodwasonlysampledatone
timepoint toevaluateFPGandHbA1c,th is
study is limited to diabetes screening—not
diagnosis. Furthermore, although our
HbA1c assay conformed to the Diabetes
Control and Complications Trial (DCCT)/
National Glycohemoglobin Standardiza-
tion Program (NGSP) standards, it was
not linked to the International Federation
ofClinicalChemistryreferencemethod(1).
In summary, the main differences
between those who become diabetic ac-
cording to the FPG and HbA1c deﬁnitions
of diabetes were the higher frequency of
men and the younger mean age by the
FPG deﬁnitions. FPG screened more in-
cident diabetes in men than HbA1c;f o r
women, the percentages were similar.
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